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(54) CMOS ACTIVE PIXEL SENSOR PROVIDED WITH INTRA-PIXEL LOCAL EXPOSURE 
CONTROL FUNCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the image 
pickup performance of a high dynamic range and high 
sensitivity by providing variable length exposure time 
with duration based on the size of optical signals and 
indicating the intensity of incident light by time 
dependent signals. 

SOLUTION: An image pickup device 22 is constituted 
of the array 24 of pixels 25 and the pixel 25 becomes 
an optical sensor for generating the optical signals 
corresponding to the intensity of the incident light. As 
the function of the variable length exposure time of 
the optical sensor, the time dependent signals are 
formed by a converter. The variable length exposure 
time is provided with a duration length based on 
mathematic relation with the size of the optical 
signals and thus, the time dependent signals indicate 
the intensity of the incident light. The optical signals 
are analog signals and the converter receives analog 
optical signals and generate the time dependent 

signals by a digital form. Also, the converter is provided with a circuit for deciding the 
duration length of the variable length exposure time based on the detection of a pre-selected 
voltage drop generated by the incident light and a comparator for comparing integration 
signals with reference signals. 
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^, i^f-*§-£WWL (6 8) IdPnJDL-C 
(8 6) Srffi»ttffiti-5wi:)05$*^S„ h7>^ 

* (se) wsi, n>xv-y- 

(9 2) B UwflEJR U I^BL (7 8) 

h^>^f>^ (92) icx-^^^^ttSo ^(om. 

Y7>i>*# (8 6) *S*ffi»«ffi (7h7) 
^^ViJ- (9 2) *3&5Bl0&£;h,5 o SMlflSl 

fNctf, 3X*ffi]BL (7 8) ^ff^yf^-^ 

U h7^^ (9 0) S:?S»««B(ci-Sri:^-g-* 
ttSo nyfyf (9 2) KtBttSnfcx — 0> 
MBL (7 8) _h<£> {£-^3l#Ttf btl 

(9 2) ^|Blg£tLfciSff^- cr**^ r 1 j ) ft, h 
7^** (9 0) j&S jcftSir, h7^^ 

(8 8) Srf£»«ffi(c:i-5o N7^^ (8 8, 9 

0) (Dm^mwsvtm^^t, mbl (7 8) ^ 

T — XltC&mZtX, MBL (7 8) ±<Z5flS«-S§-f*. 

TOJ ) ^, nyfyf (9 2) MfEStSJxT^S 
m^n, h7^^ (9 0) # K#ofc:£# 

(r. F7^^ (8 8) fi«»««8(-tt*e>*v\ 

oT, I^BL (7 8) ±(Dmt^-n, 

$H5 0 h7^^ (90) &mmfcm 

(d*ofc«(0^*rpJBL (7 8) _hCD«#tt\ 7 s — fit 
LTnyf>t (9 2) ^ia«Snfe«-^*R«ebfct 

[0 0 3 1] ^t;y^s'77^ ; t!i (4 0) CD^ 

^eyirywi, y^c-r^ yt^^yj^Tt^^t^y (d 

RAM) S^-efeSo Ztlb&J^V -fe/Wdcttttf, IS 
b&X*%Z>ffi* ^ttti, BStlc^ti^:^-^^, h7^ 

fo5V^^±igi$^^9T^ p y y— v-a v^c:^ol^ 
T^^yir/L-^, latft^— ^oy ^>y^3-S:tT*5^ 

^Sd s *>S« I2S^— ^fi. >^y iryv^OfStix — ^ 

^■y-fe/wc#*M-r«-^fi. g^&ofc{f-s§\ i-&fc>t> 

[0 0 3 2] Zto&tt&ffitiilrjk^ ^tv^^y 

^T^^y (4 0) O^^y l!6tC7Fi- 
■feV^itKlplK (10 6) 0<fc?#, ^J-iC-1-5ir>'^tt 

RHIS& (2 8) tC-g-^HTl^o ^OfP^±, 
±#*MteJ^ (10 6) tt^*yt/V (8 2) [zmm^thX 
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6) te, »:7>r — K^^7yf (10 8) , 4>s<- 
? (110) , RXf b 5 > # (112, 114, 1 
16, 118) £ffix.6„ 7yf (10 8) fi, *S!>r 
W^-^ (12 0) XU 5 ^ — hV^y ^ (124) ±(D 
£.<Q'hm<D^>s<-* (12 2) ^b«ric$tt5o <4> 
a*—* (1 2 0. 1 2 2) ti, A*/ — K (12 6) Ji 
©«-^Sr««ri"5J:5{ci(if^-t-So (10 8) 

fi, t*— (12 8) t^»jRLTl/^„ x — 
(12 8) f*, y^yi?/W (8 2) tCfSti^Hfc^— * 

?s<* (12 8) fi, ^^yir/W (8 2) ^?>H3<Z>»J 
^-^h (3 2) ^<Z?tti*ftK*««-rS 0 BD^gate 
«-*§•(;! <fc !9#JW$nS h7^^ (118) te, 
^ (10 8) £7*— (12 8) ^SJR-TSo 7* 
^ (10 8) te, 2 OCO^S§ (132, 134) (D *> h 

wio^iti^BL (78) {chmmmcmm-r 

5:ir«#5 B SK(l3 2)fi, h7^^ (1 
14) ILgate«-»tcJ:i3f&i)i«flg^SttSi:Wii 
L, (1 3 4) fi, h?^^ (116) ^, «j 

»»&^pTte (CWE) {f-^CU; 9ffi»«ffl^$ttS^ 
SgH<£>glSg (13 0) f±, h7^^ (1 
12) BLOAlMS-§-tcJ:f9fSi6tt«B(-**vSt, 
IpIB L (7 8) ^VDD^Mf^ 0 (13 4) _h 

icte, (8 2) ^P>(©ljitti^— ^Sry 

* (110) ^g*ntV^ 0 (1 3 2, 1 3 4) 

©5*>©lott^ MBL (7 8) irSi&^try 

b?4> (wbl) (13 6) t(ora^ajR>b»w-r 

5 0 WBL (13 6) fi^#£^tCg^£;ftT, x 
^^/Ufa^-^SrSfti-So WBL (13 

6) £, *?yzfft-<D9[-Umm. (MTf^-iT) CglLT^ 

^yir/u- (8 2) {^m^^tiziv"-? z^m-tz x 5 

<?5^»SgBJ-J:oT«FjESttfc, y^eyir/u (8 2) ^ 

[0 0 3 3] M&mW (22) 0>ilf«& <9 i&frtim&m 

(2 4) *P<D&mm (2 5) f^^o^T^i- 
^T^tt6 0 #S* (2 5) li, H»flx9i2^&&£f^C 
;fr8TC?T*5 0 £T, Vref EI4 0JtttS (3 8) 
<nY7is*Jx9 (5 4) <oy— h(C«t*&Six5o 
RESETS^ tra^^tlt, F D y — K (4 
4) 0>WEEj&S, V reset I:, WWL (6 8) <D9&.&, 
VDDlcy-fey WWL (6 8) CO^JE^VD 

D^UtyMt WWL (68) -h^if^^t^-e 
*>* U :tii^tv7^^777^y 
(4 0) coy-=ey ir/u^toSi^^T ^-tr^ 
^ft^ffl^-rSt^tffcSo #^ RESETftfli 
K«^lC«a9ife;tb*L, PMOSh7^^ (4 2, 



70) £ T^-^j tCL, FD/-K (44) i:WWL 

(6 8) tzm^m^rnvm-to ^^RESETitt 

f*, 7W (2 4) ^CO^TCO®^ (2 5) <75pT«B3t 
B*lffl<Z>BiJ*&£r^i"o Z<om* iScOCWEjf^\ H 6 a> 
-feVJXifffilElK (10 6) <D by^i/*? (116) , 
^t;y^^77r^y (40) coy^E-y 
ir/W^JS**- Sfl&OHr >*if <B 13 T0> PI C h 7 ^ 
^^(cttj^^ixSo -fe^^liBlHlK (10 6) OF7 

(ii6) &xj^Mj&ir^m<o±^^mism» t P 

^BL (7 8) ^U^tvy^/^yy/^^y 
(4 0) t^«fi5^^v^i:<^P H 1(cW«SgiH^K(tP,tt 

mm*, ^t?y^y7r^*y (40) ^e^-t 
[0 0 3 4] myt^m<Dmtemcjo\,^xte s fd/-k 

(4 4) OmJE^VREF «t 9 t>^C^ V^VrESET t4oT^ 

£ 0 i«0>CLK«-S§-mj; 0jg»*r5Jfc«* (3 8) fi, 

m**^ (6 0) tzmm-zr&m&i-Zo m**^ (6 

0) K43ttSSMf y—hSS^F- (6 6) ^7-^(C 

^It^h7y^^ (6 4) & r^-vj ku ififf-s- 

^y-h^±^^-T^o y-h^ (6 6) ±cO{& 
ff^-ti, F7^^ (7 2) £ tCfiL^V\ 
t^oT, WWL (6 8) ±(D7^m^tefo(Dl£l£i%¥f£tl 
60 WWL (6 8) ±(D-M^tzmt-^^ 
?;<y7T*^V (4 0) (D^^V ~£/\sfo(Dm#:Zt-T? 

(3 4) te, FD7 — K (4 4) ^HJE^Vref t-^T 

[0 0 3 5] B^t^FlB^IW. F D / — K (44) (DgJEE 
tt. ^^-h^^-K (3 6) ^S|g±i-S«aD^l6«L 
TVreset ii^^TLTI/Ko FD7 — K (4 4) <DM 
JEKTilSfi, 7*Vy-<Jr—y (3 6) MAttlT-SA 

*h^t-K (3 6) *cA*ti-§*^3*ffi^ s *t*:i-S 
"7* K (3 6) tt*£^«Sfe£36£-r 

5o *#V^«S£^J; ^> ^f>t (4 6) ^s*«L, 
FD7 — K (4 4) tc:fctt5WE5HK;T£ii:5o L^>L 

y^Jr—Y (3 6) 35«£i-5m«E«:J: 9 'J^ < 4*. 
J: V'bZ^^mMX+h^^T^y- (4 6) ^m^iir, F 
D/— K (4 4) coSJE^ffiT^^^C^t-fi^^^, 

[0036] FD7 — K (44) ^HJE^Vref \^X* 

mr-i-zt, itK« (3 8) a^sa^F- (6o> 

«#«r^dti"So WAfiH^ (6 0) ^*5ttSfifS#«, 
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h7^^ (6 4) £#J£»:RffifcU PMOSF7 

(6 2) zftrnvtm^-tZo F7>^^ (6 

2) ^ffi»«lB(cft5t, y-h«H=- (6 6) _b<7>{£{f 
#^*i«-?-^5l#±tf bttSo y-hfiS^f- (6 

6) W^ff^h7>^^ (7 2) Srffi»««(cL 
T, WWL (6 8) SrT — ^(Cg?jR-rs o IHT, W 

wl (6 8) i^^ff^fgff-^tc^^ti^ y^-r^ 

y#s<y7T**r l J (4 0) (O^^ey-fe^rtOSii^T 

^^y7r^*y (4 0) I£1B« !&<9&£;h,fcL 
[0 0 3 7] CLK{f-S§->Sr, Rftl^lffl^BBte^&a^ll 

-e#s^s. Jt«« (3 8) t^nvtm^h^t^Xo 

T4C51i Vic J: 5«*tB*£l£«-t-5&^ 
C L K« jgflV^* <£ 9 fll/Si" 5 n 1 1> T* t 
£ 0 ^tv7^^y7r^^y (40) lcj:5f^ 

i$t5ri^#5 0 Hot, fd;-K (44) <n 

WEf*. (3 8) !5Sf£ftttllB(CftSrtl?><Z)ffiV^ 

/u«rfijfla-rsri:^j;9, mmmm& (3 4) 

tCO. 2 ju Aj&Sf&K>5£»g\ 1 0 OTimmv)^ >-$-T U 
^|:H2 0 0mAMSi45 o Li^LfctfSfc, CLK 

&m fc*at fifcot©2mA -ear tfo 

[0 0 3 8] *tt/«£^*ffi«t-:fcV^ra:, ^^^^^ 
5 0 JEM, FD/-K (4 4) coT^m/Eirlt^i-^^ 

tr-;\oMi&mfcnm>-i-z>o £ hi^, vref z^mmm^ 

^«c^5»aEW(-ftV^K*«FlHS:S«i-*-5A^, Vref 



[0 0 3 9] H7*C, El3 0«Mfe«H (2 2) <D V 7 U 

o^Tfi, H7fc:*D^.Tia3-ia6 fc#iLTRBt 
6o £i\ (2 4) 4>cOllj^ (2 5) <7}fi^ 

&tc N fTT^-^ (2 6) dJ: !>a«£;h,5 0 t=Tl 
tDBZj&lzm^X, S5OBL0AD«-S-*s, HI 3 >*lf#I 
[U&g (10 6) F7^^ (112) . RTfmtil 

£ ixtr u^r y -fe/u^»jR LfeflKo-t 

m^^<omZ by y^^i:«^n6 0 BLOADff 
^c^Ti^ey -fe/KcBBai-S3S[*|6jB L (7 8) 

[00 40] t =T 2coNP^(-^^T, BL0AD«#tt(S 
IttCftTL, BL0ADfB-©-(C<toT»J|»$ix5 h7 

T\ R WL (6 8) <DX o t^mM*) V — Y=7^ >_h<?Mf 

(7 8) ±(c^y ^ + -^*ttfei«fS-^S:{g(t-?-tc:5l# 
rij ) (i, ^*lRlBL_t<Dia«-©-Sr(g:«^§ltT*f 

L^Lft*se>, ^^y-fe/wcflatss^fcisw-s- (-r 

/^^^> roj ) ti, ^*l^BL±<oK«-g-Sr^b$1i:* 
V\ ^ot, g»tLTI*|BlBL (7 8) 

>^ifitiMlHl?g^(D h7>^^ (114) &tHiiCD-tr> 

L (7 8) £r-fev**i«lHl&0>55:7-f*- hv<y^7ty^ 

(7 8) ^^^KKfS-S-Srftt^-t-^o 
[0 0 4 1] Sct^ t =T 50«F,fe^*5V^T, Bfc8l!9!7 — 
K^-Y >_h(D^{f *%5ITtf , R^gateif-^^{g:ff-^(c^] 

tt-6 0 t =T 6(7)P#^:^c^o^/^T, CWEfS-i-i&siSfg 
^ilffft^^t^^ irV^tfdig[HlS§^co h7^ 
(1 1 6) ^U^tDftiK^i: h^V^^^^xj-Xd 

^^^mm^^<D^( >s<-# (iio) 

ff-^-tL CWElf^J:oTW^ti5 h7 
t =T 70Np^jc^oi^r, wl Aft #j&sSG«-i§*a>&ffi;« 
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#M#J t 9l&;i<b*X, i4tDPMOS h7>^^ (7 
5 h^^^^dSfSftttffitdCSi, WWL (6 8) <D 

*!7-K7>fy±©vDDi: < to, m$i£titc.mm<o?i 

[0 0 4 2] t =T 8 COB#/&(C3o^T, WLAteBiff-S- 

tgjr 0 t=T9tll CWElf CWE||^l:J:o 
xmmZtiZ h7y^^^t7(:f§^t:i(^l§T 

jEtc, iSa>WT«#;&^ li^^co F7^^ (7 6) 

W(to^Ch7>^^(-M$^ *&3*!7— K7 
^v^^^^S^-^tdSttSo t =T 1 Ot'li, WTff ^ 

Vv^^ r^j (^StLS„ t=Ti 1(^*5 

[0 04 3] »ig/«cia6iB«-ctt. in 3 (omm (25) 

ttW*#i U-C«^$tb-C*5 9. ^Mlii>ct<D2otD®lSt 

sr ir * 1- 5 fc <^> m m &m * & m 1- 6 & 5 1- * o -c v ^ 

5 0 0 8 1^ ffa*HjKffi«(-S^<W**|- (13 8) 

^^-To mmn (1 3 s) ten, & («a> mm a 4 

0) RO* (fl!|) Hi* (14 2) 3&S<g-;i=;fx5o 

(140) iS_tS^>f f$ y^^y77>*y (14 
4) £f«JBU ^Mfl (14 2) ^T*0^t5y^ 
/^77r^y (14 6) S:fijffli-Sa 
^r^^ty (144) a>¥5H** £W* (14 0) * 

tdlBg^tL^o ^t$y^y77^*y (14 4) 

<Di>i¥&&. &mm (142) ^tcia^^tt^o 134$ 

t^, ^tv7^^y77^^y (146) <b, ^E*M 

i (140, 142) <7>M*^ia«snSo cco^t- 

y 7 r * * y i^^ ^th?RfiS:»jtt-r 

f§t£-m, KStQ&r^Sj&^affifcitt, 7M (2 4) 
*co®f?i (2 5) (Off^igjRWScaRi-SCiri:, TJj 

r^&fcJ:*^ (2 4) tp<D±X<DM 

m (2 5) Sr^-^^ttsRXJilEttSrtTtt^A^T^-fe 

[0 0 4 4] «ttS^S (2 2) ^JfflLm^>?: 

(148) r% ttMt^->frbcoi&mmmziz^i,xm 



mmw (22) 4 , ^^^®^F fe 3^fe5^^ h^^-- - 

SSrftS-TSo xv-y? (1 5 0) T\ B*i»iR«Flffl* s 

*k##^s 0 ^7^(15 

mffl^mn^itf/ufci*^ mmmm (22) (d®^^ 
r*tf^lx5^t^itu\ ^77/ (154) t% x 

m^mmmmx^ ^yn, mmmm (22) ^tu^ 

[0 0 4 5] ^Tt-S^TCi, ^$&m <Dm* COfllJ^Sft 

1. ■*(25)<^TU>f (24)(cJ:9«riSSixfe«3tf4«* 
«rWi-S««3S«(22)^*3V^r, #®f^, fltflBlJ*^ 

Sfc^-T^r BulH^irvf- 

3 ^t-tufE^-ir v-y-(d«JR $ nr^tL i: BBS L XWifelr 
Z>zil/s<—# (38,40,68,78) tfcot, ffirflEWaE*** 

2. hUE*«#35^ T^n^f-^-T^t), gtrlE3W<— 
^ (38, 40, 68, 78) ^ S9lBT^u^5te«# 

3. mJ|S^V^<— ^ (38, 40, 68, 78) ^, HU 

Si"5*<0|HlB (3 8) ±3SlXtt2(c|Ett 

4. HUlE^>^— ^ (38, 40, 68, 7 8) ^\ ffi 
{c^Vtzit^ (3 8) Srfflx.T*3f9, ffilEleliStt, 

5. ffllE^M«#tt«#^^^/u«W^y h^lE«i- 

(8 2, 8 4) £1Ef-^, miiS^^yir^, #j6i- 
5S*[filfyh7>fy (7 8) |C«ftW^»*bT*5 

y ir;KD lo^^b-^ttb^l x — ^ ^r^^i~ 5 
J: 9^- ; f?l^$^^rv^^^^^e>^5, ±JSl, 2, 3X 
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(2 2) o®mgt« (2 5) ^*3t^rr^D^?gs;tf* 

ff^^^S*^^ (14 8) T'fcot, S9IB3t« 
/ (150) t^ot, MIB«3tB*W*s, fuiS^f^-^ 

^/Wkts^fy^ (152) t'fcot, wmrv* 

a-t*— ^fttriB-Y * — ^HrviJ-^^ey (4 0) tdfEtS 
tS^fyT' (1 54) Sr-g-tf^T'y^ir^^JteS*- 

(iso) j&s x m^o^m%\B^(om\L^ (/- 

K4 4K*5^-C) ^e = ^— i-S^-r^^Sr^. mfl2^ 
3otO||, 16, 18M2 0TvW) 

8. mmmytm^mt* {/—vm^m^x) 

ttbft»3 8tcJ: (9) JttSEi-S^^y^S:^, fifties 

la^^s/^* (15 2) WfcVy* =>-7 h^^V 
-fevw (8 2, 8 4) Rr^Biai-S^^fnltf h7>f > 

(7 8) ^ft^r^^^ mmmjjfa^y v?^ 

10. m^m^m^mmmm^^^^^Mt-r^ 
mm*Tv7 (152) ^, Hfria**^iffl(Z)ffirfla«iR»# 



5) t^T'HtT-r^^^^^^, ±>S6, 7, 8 3^fi9iC 
[0 0 4 6] 

5o 

[13 2] ^««*WIBS»*ffl^fc**WJ-*^<lWfc 

[13] *mM\cs^<mm*£m<D7'uv?mx~frz> 0 

[0 4] **^^S^5<*«iir*lElK^«»H-CfeSo 
[IH5] H4c7)g^ili^lHl^tcffiV^bttS, 3X*ftt:*:y 

[16] ^mm^m^<^^^mmm^<ommmxh 

[0 7] 0 4<D«^Hi^[Hl^COy 7l/y^aftffW^>f 
[0 8] *»W(7>»a<ClllifilB«(CS<5<M*#fe^-t- 
[ID 9] *«^^S<5<»*v^— ^(OjRflfe^ifeSrKW-r 
[fff©R«] 

2 2 litSII (>f^i?tyt) 
2 4 II7M 

2 5 Mift 

3 6 Tfeirv-y- 

3 8, 40, 68, 78 
8 2,8 4 >^ty ir/i^ 
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